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Abstract  
The article proposes the model of vibration influence on motor transport operators. The research was conducted in order to 
determine some aspects of spectral distribution of the vibro loaded condition of a backbone of an operator on departments of a 
backbone and of equivalent tension. As a vibration external influence the sinusoidal signal corresponding to maximum-
permissible values of vibration accelerations for transport vibration of category 1 depending on compound frequencies of octava 
strips in the range from 1 Hz to 63 Hz was researched. We created a dynamic biomechanical "costal" 3D model of  the"head + 
backbone" system of a motor transport operator, using ‘Solidworks’ 3D-software, and taking into account anthropometric 
parameters of a body pose, structural, functional and biomechanical characteristics of cervical, chest and lumbar segments of a 
backbone. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
With the growth of opportunities of modern computing means, the great attention, both in the technical scientific 
directions, and in medical, is given to computer modeling of the biomechanical processes happening in a human 
body [1…3], which real statement is often complicated because of complexity or impossibility of carrying 
experiments out in public. 
 
 
* Corresponding author. Tel.: +7-351-904-26-75; 
   E-mail address: palatinskaya@mail.ru
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-2015)
788   I.P. Palatinskaya and N.С. Pirogova /  Procedia Engineering  129 ( 2015 )  787 – 792 
This article is devoted to the research of amplitude-frequency distributions of vibroloading on a backbone of the 
person at impact of the general vibration of the category 1 "transport" on the developed virtual "costal" 3D model of 
biodynamic system "the head + a backbone" of a person operator of auto transport devices. 
2. Relevance 
Reduction of vibration impacts from technical devices on the person operator is an actual world problem. From 
systematic contact of the person with the vibrating equipment the vibro illness which leads to full disability as a 
result can arise and develop [4]. According to the Ministry of Labour and Social Protection of  Russia adverse 
working conditions are the reason of high level of operational injuries and occupational diseases [5]. By the 
available estimates of the International Labour Organization (ILO), 2,34 million people die from the accidents and 
diseases connected with work [6]. The vast majority of them – about 2,02 million – dies of various occupational 
diseases. From 6300 daily occurring fatal cases connected with work 5500 come because of occupational diseases. 
 In distribution of the occupational diseases revealed at working in the Russian Federation according to statistical 
data of Federal Medical Biological Agency, more than 50% illnesses are vibrodiseases of lumbar-sacral 
radikulopathy [6]. The main share of the workers exposed to such diseases are drivers of various motor 
transportation devices who are exposed to continuous impact of the general transport vibration [6]. Among the 
causes leading to occurrence of occupational diseases due to exposure of vibration, are still: constructive defects of 
transport facilities and imperfections of workplaces of drivers. 
The hygienic assessment of permanent and non-permanent general transport vibration effecting on humans, 
according to [7…10] is carried out primarily considering the spectral analysis of a rating parameter, then the 
integrated assessment of the frequency of rating parameter, and ends with the integrated assessment considering the 
time of equivalent vibration exposure (energy) level of rating parameter.. 
 In the spectral analysis the rating parameters are maximum permissible levels of average square values of 
vibrospeed and vibration acceleration or their logarithmic levels depending on compound frequency in the range of 
1 … 63 Hz [7, 8], at the integrated assessment within given frequency range - adjusted value of velocity and 
acceleration or their logarithmic levels, while integrated assessment of vibration considering the time of its impact 
on the equivalent level - equivalent to adjusted value of vibration velocity or acceleration or their logarithmic level. 
 Thus, the developed rough estimate of vibration impact on the operator doesn't allow to reveal distribution of 
vibroloading on a body of the person, and, therefore, to reveal vibration sensitivity of different departments of a 
backbone of the person. Obtaining such data would allow to establish a criteria for a choice of economically 
reasonable ways of decrease a vibroloading of the person operator of transport devices. 
3. Formulation of the problem 
Developing the dynamic 3D-model of the human body, we build on the operation requirements, depending on the 
purpose of research, anthropometric accuracy and biomechanical capabilities [11…14]. 
Anthropometric parameters of the human body-transport operator devices is determined by its working posture 
[33], see Fig. 1. 
The analysis of the literature connected with a structure, physiology and anatomy of a body of the person 
[15…17], allowed to define structural, functional and biomechanical characteristics of cervical, chest and lumbar -
sacral departments of a backbone of a body of the person, see Table 1.  
 
 
Fig. 1. Working pose of the person operator of motor transportation devices: 1 – height of a spine column, 2 – head height. 
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According to medical researches an impact of the general vibration leads to the direct microinjuring of a 
backbone owing to considerable axial loads of intervertebral disks, local overloads in a vertebral and motive 
segment that leads to a degeneration of disks [18]. Therefore the spine column consisting of bodies of vertebras and 
intervertebral disks was originally constructed and then shoots of vertebras, which purpose of inclusion in the 
presented model – transfer of the inertial properties corresponding to a real backbone are simply simulated. 
Table 1. Properties of materials of vertebras and intervertebral disks on departments 
Department Element Quantity Module Ship's boy of E, MPa  
Poisson's coefficient, 




Vertebras 7 350 0.3 2020 
Intervertebral disks 5 105 0.4 1102 
Chest department 
 
Vertebras 12 350 0.3 2020 
Intervertebral disks 11 81 0.4 1096 
Lumbar department Vertebras 5 350 0.3 2020 
Intervertebral disks 4 57 0.4 1090 
4. Theoretical part 
Creation of 3D-model of biodynamic system "(the head + a backbone) of a  person operator of motor 
transportation devices", was carried out on [19] algorithm offered in work: the formation of information model, 
design it in a three-dimensional solid model (the software package of SolidWorks), and then importing it and the 
subsequent simulation in Ansys Mechanical vibronagruzhennosti. 
 The basis for the construction of the costal model [12] served as X-ray and MRI images of several people male 
(mean age 30-40 years), see Fig. 2. 
System "(head + spine) of a human operator of transport devices is built a three-dimensional model of the human 
vertebral column in the package of 3D-modeling Solidworks [20]. The "head" of the operator, as shown in Figure 2, 
is replaced by a material point. It is reasonable that the stress-strain state is seen in the spine. From the "head" of the 
operator need only inertial characteristics and the coordinates of the center of gravity.  
 
Fig. 2. The calculation model of the spine, built in 3D-modeling package Solidworks. 
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 These characteristics are  mass and moments of inertia, they weres automatically calculated in the Workbench 
and can be applied to a material point. 
The main assumptions accepted in research: 
 
x only the backbone consisting of vertebras and intervertebral disks is considered. The soft tissues of the person 
surrounding it aren't considered; 
x the weight of the head is accepted 3,2 kg [17]. 
x the behavior of vertebras and intervertebral disks submits to the linear law; 
x external influence is necessary sinusoidal: a (t) = sin (wt). 
5. Results of experimental studies 
On the constructed final and element model calculations of the intense deformed condition of a spine column of 
the operator who is under the influence of the general vibration of 1 category in frequency range 1 … 90 Hz were 
carried out. Parameters of external vibration influence were maximum permissible sizes of the vertical and 
horizontal vibration accelerations corresponding to compound frequencies of octava strips of fsg (see Table 2) [7]. 
The studies were conducted using harmonic analysis among AnsysWorkbench.  
Results of computer modeling are given in fig. 3, 4. 
Table 2.Limit values of vibration transport jobs [7] 
fsg , Hz 1,0 2.0 4.0 8.0 16,0 31,5 63 
frequency Range 0,88–1,4 1,4–2,8 2,8–5,6 5,6–11,2 11,2–22,4 22,4–45,0 45,0–90,0 












Z0 X0, Y0 
vibration 
acceleration, 1,10 0,40 0,79 0,45 0,56 0,79 0,63 1,60 1,10 3,20 2,20 6,30 4,50 13,00 
 
 
Fig. 3. Histogram distribution of the maximum and minimum values of equivalent stress in the spine, depending on the frequency of the 
exciting effects. 
5. Conclusion 
The analysis of results of modeling of impact of transport vibration on the person operator's body at the 
normalized frequencies (see Table 2) allowed to draw the following conclusions. 
The maximum values of equivalent tension in a spine column are revealed on fsg=1Hz and fsg=8 Hz (see Fig. 3). 
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It coincides with data of pilot studies [21], on - which in the range of 2 … 14 Hz are located resonant frequencies 
of a spine column of the person. Therefore, the developed "costal" model allows to conduct researches of influence 







Fig. 4. Fields equivalent stresses in the spine resulting in oscillations at frequencies of 1, 2, 4, 8, 16, 31.5 Hz. 
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Vibration sensitivity of cervical, chest and lumbar departments of a backbone of the person is approximately 
identical at compound frequencies of 1 Hz and 2 Hz. It also coincides with data of pilot studies [21, 8, 9] that 
confirms applicability developed the modeli.avtotransportnykh of devices. 
At other studied frequencies (see Fig. 4), it was revealed that vibration sensitivity of each department of a 
backbone is various. The bigger response at low frequencies (see Fig. 4) is the share on cervical, and then of lumbar 
department. The obtained data on cervical department are confirmed by that in a design of a chair of the driver the 
additional basic surface is put into practice – a head restraint [13, 14] which reduces the involuntary movement by 
the head of the person operator. However in normative documents of the Russian Federation the requirement of 
existence of a basic surface for the head of a chair of the driver of production transport is absent [22]. There are also 
no requirements for ergonomics of a support at a chair in the field of lumbar department of the operator. 
Thus, results of modeling of the intense deformed condition of a backbone of the person operator revealed need 
of the accounting of distribution of the vibroloaded state on departments of a backbone at design of a chair of the 
driver in new motor transportation equipment. 
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